After lethal irradiation with l'-rays, mice contaminated with Enterobacter cloacae died earlier than expected. Pseudomonas aeruginosa, which is the usual cause of unexpected early radiation deaths, was not detected in dead mice. Evidence of an E. cloacae bacteraemia was obtained in irradiated mice and it is concluded that contamination with E. cloacae is a potential hazard in experiments involving measurements of radiation lethality.
Summary
After lethal irradiation with l'-rays, mice contaminated with Enterobacter cloacae died earlier than expected. Pseudomonas aeruginosa, which is the usual cause of unexpected early radiation deaths, was not detected in dead mice. Evidence of an E. cloacae bacteraemia was obtained in irradiated mice and it is concluded that contamination with E. cloacae is a potential hazard in experiments involving measurements of radiation lethality.
A new specified-pathogen-free (SPF) colony of C57BL mice was established at the National Institute of Radiological Sciences (NIRS) in December 1971, and maintained free of Enterobacteriaceae for over 3 years. In January 1975 a group of mice died earlier than expected after a dose of radiation which would normally have produced deaths from bone-marrow failure. The mice were found to be contaminated with Enterobacter cloacae but were free from Pseudomonas aeruginosa and other Enterobacteriaceae. No other clinical signs of the infection were noticed. It was thought that the usually non-pathogenic E. cloacae might have caused the early deaths and the present report deals with the contamination of E. cloacae and its relation to survival time up to 30 days after irradiation.
Materials and methods

Mice
C57BLf'No/6JNrs mice of 8 weeks old, derived from germfree stock, were used. They were bred at the SPF breeding facility of the Animal and Plant Supply Section in NIRS and kept free of 
Irradiation
Mice were given a single whole-body exposure of 700-3500 R of y-rays (I37Cs 5000 Ci, target distance 32 cm, exposure rate 91-96 R/min, using a sealed y-cell). Exposure was measured by using a thimble ionizing chamber, and the conversion factor f = 0·958 rad/R was adopted for converting exposure to dose. Thus the doses used ranged from 671 to 3353 rad.
Bacteriological examination
Isolation and identification of organisms were made according to the usual procedures in clinical bacteriology (Cowan, 1974) .
Results
Experiment 1
103 mice (679, 36 0 ) which excreted E. cloacae in their faeces and 93 mice (629, 31 0 ) free of Enterobacteriaceae were irradiated with 862 rad of y-rays. Fig. 1 represents the mortality pattern of the mice for 30 days after irradiation. The first death of an E. cloacae positive mouse was observed at 8 days after irradiation, whereas that of an E. cloacae negative one was seen at 11 or 13 days. At 13 days mortality was 65 or 80% in the positive mice but less than 5% in the negative ones. All the positive mice were dead by 30 days after irradiation but 7% (female) or 32% (male) of the negative mice survived over 30 days.
At autopsy, macroscopic haemorrhage lesions were seen in the subcutaneous tissues, lung, stomach, intestine, pancreas, reproductive organs, lymph nodes and brain of E. cloacae positive mice, and these findings were qualitatively identical to those seen in E. cloacae negative mice. Experiment 2 20 E. cloacae negative male mice were orally inoculated with 10 8 organisms of E. cloacae isolated from an SPF C57BL mouse, and irradiated with 862 rad y-rays 4 weeks after inoculation. All the mice died 9-16 days after irradiation, and at 13 days mortality was 72%. 10 5 .10 8 organisms/ g E. cloacae were recovered from the liver, 10 4 _10 6 /g from the kidney, 10 3 _lO s /g from the spleen and 10 2 -104/ml from heart blood of the mice.
Experiment 3
To determine the LDso for 30 days survival, 80 E. cloacae positive males and 76 negative mice were irradiated with 671-862 rad. The LD so / 30 of E. cloacae negative mice was 822 ± 11 rad (±confidence limits), whereas that of the E. cloacae positive mice was 750 ± 9·6 rad, the difference being statistically significant (P = 0·01).
Experiment 4
In order to find out whether the presence of E. cloacae altered the survival time after radiation doses which kill by damaging the intestinal mucosa, 32 E. cloacae Discussion Healthy mice given a dose of radiation which kills by damaging haemopoietic tissues rarely die within 10 days. If deaths occur earlier, the mice are usually found to be harbouring P. aeruginosa, which produces a fatal septicaemia 3-8 days after irradiation (Flynn, 1963; Wensinck, 1961) . When in 1975, unexpected early deaths occurred in some of our irradiated mice they were found to be free from P. aeruginosa and, indeed, the deaths were not quite as early as usually occurs with Pseudomonas contamination. The mice were, however, contaminated with E. cloacae, an organism not previously incriminated in this problem. The experiments reported in this paper show that the E. cloacae contaminated mice started to die 8 days after irradiation, whereas none of the uncontaminated mice died before 11 days (Fig. 1) . At 13 days mortality was 65-80% in contaminated mice but less than 5% in uncontaminated mice. The mortality at 30 days was increased in the E. cloacae contaminated mice, but from 13 days onwards the slopes of the mortality curves for contaminated and uncontaminated mice look very similar (Fig. I) , suggesting that the difference in overall mortality was due solely to early deaths.
The time at which mice die after the much higher doses of radiation which kill by damaging the intestinal mucosa can vary with the intestinal flora (Mastromarino & Wilson, 1976; Matsuzawa & Wilson, 1965) . the present experiments suggest that deaths after intestinal radiation occur sooner when E.
cloacae is present, the contaminated mice dying 1 day sooner than the uncontaminated.
The data presented here indicate that contamination with E. cloacae can markedly interfere with experiments involving measurement of radiation lethality. P. aeruginosa, which produces comparable difficulties, can be readily controlled by hyperchlorinating the animal's drinking water (McPherson, 1963; Woodward, 1963) , but this does not control E. cloacae. Investigations are proceeding but, as yet, a successful method for dealing with E. cloacae contamination has not been found. 
